Attached apple leaves (Pyrus malus L
Much of the work concerning leaf senescence has been done using detached leaves or leaf discs floated on water. It is generally assumed that the senescence of leaf discs is similar to that of attached leaves except greatly accelerated. The losses of protein and chlorophyll, symptoms of senescence, are usually extensive after 5 to 8 days detachment for discs of Taraxacum officinale (2, 6) , Xanthium (14, 18) , nasturtium (2, 3, 12) , Rumex (2, 8) , brussels sprouts (5), beans (7, 15) , and most other plant leaves studied (1) . These losses are more extensive if the discs are maintained in darkness (4, 7, 10, 12, 16) .
Leaf age somewhat affects the rate of disc senescence. Discs from young leaves senesce more slowly than discs from old leaves (4, 5, 7, 19) . The ability of plant growth regulators to retard senescence is less on discs from young leaves than from old leaves (2, 5, 18) . Some workers have reported differences in the senescence pattern of attached leaves compared to leaf discs (10, 11, 13, 16, 18, 19) . Dennis et al. (5) found different changes in the chloroplast ultrastructure during senescence of attached old leaves and detached aged leaves. Lewington et al. (11) con- cluded that senescence of detached leaves was not the same process as senescence of attached leaves. Some differences are to be expected, since a leaf disc, as such, is not connected to the transport system of the whole plant and can neither receive nor lose metabolites (13) .
In a previous paper (17), we reported several biochemical and enzymatic changes that occurred during the autumnal senescence of apple leaves. In this paper we will present several biochemical changes that occur in leaf discs up to 3 weeks I This research was supported by funds from the Illinois Agriculture Experiment Station.
at Urbana-Champaign, Urbana, Illinois 61801 after detachment as affected by leaf age and other factors. These changes will be compared to the changes occurring in the attached leaves of the same initial age to determine whether disc senescence is, indeed, accelerated and whether the changes follow the same pattern as those occurring naturally.
MATERIALS AND METHODS
Mid-shoot leaves from extension shoots were collected during the summers and autumns of 1970 and 1971 between 8 and 9 AM from six 11-year-old Golden Delicious (Pyrus malus L., rootstock M 7) apple trees in the orchards of the Department of Horticulture. Leaf discs (diameter 1.5 cm) were punched with a cork borer from the leaves avoiding the midrib and main veins and were used immediately in the chemical analyses or the leaf disc studies.
Extraction and Chemical Analyses. Ten leaf discs in three or five (sometimes eight) replicates were killed in boiling 100% ethanol, extracted with 70% (v/v) ethanol, precipitated with 5% (w/v) trichloroacetic acid, washed free of lipids, and dissolved in 0.5 N KOH as described in an earlier paper (17) . The ethanolic extracts were analyzed for amino acids and sugars. The KOH extracts were analyzed for protein. Separate replicates of 10 discs each were analyzed for chlorophyll in methanolic extracts (17) .
Leaf Disc Studies. Sets of 10 leaf discs were floated top side uppermost on distilled water in Petri dishes placed in a growth chamber (25 C day-I5 C night-I 2 hr daylength) for up to 2 weeks. Preliminary experiments indicated that constituents of leaf discs changed at approximately the same rates regardless which side of the leaf disc was uppermost, in spite of the fact that apple leaves have stomata only on the lower epidermal surface. Every other day or so one or two Petri dishes were removed from the growth chamber, and the discs were analyzed for protein, amino acids, sugars, and chlorophyll as described above. In other experiments, the Petri dishes with leaf discs were placed in a dark cabinet (constant 25 C) for up to 2 weeks. Solutions from apple discs incubated for 7 days when plated out on sterile agar plates showed very little fungal and only moderate bacterial contamination. Tables I through IV show the changes (amount lost or gained) in protein, chlorophyll, amino acids, and sugars from the day 0 values for leaf discs and attached leaves after 7 days. For the attached leaves, the changes are those occurring from 1 week to the next. More complete data on the changes in attached apple leaves during growth and senescence were given in a previous paper (17) . Prior to early August, both leaf discs and attached leaves gained protein each week. The leaf discs gained more protein in 1 week than did the attached leaves. In samples taken after early August, both the discs and attached leaves lost protein. Within only a few exceptions, the loss of protein from the discs was no greater than the loss from the attached leaves. (2, 3, 5, 14) , although bean leaf discs lose little protein and only 20% chlorophyll (7, 15) .
RESULTS
In contrast, depending upon the leaf age, apple leaf discs either gained protein and chlorophyll or lost very little of either. Leaf discs from the November 10 sample (before the leaves were completely disrupted by severe freezing temperatures) lost only 14% protein and 29% chlorophyll after 7 days. Apple leaf discs, in general, appeared to withstand detachment better than most leaf types.
The lack of rapid senescence of apple leaf discs is also apparent in the data for the dark-held leaf discs. Bean leaves (4, 7), cucumber cotyledons (10), and nasturtium leaves (12) lose protein even more rapidly when maintained in darkness. On the contrary, darkness had no large effect on protein, chlorophyll, or sugar changes in discs from maturing apple leaves. Apple leaves also differ from bean leaves in that they gained protein in the dark; however, the gain was not significant. Dale (4) found that bean leaf discs could gain protein but only when held in lighted conditions.
For most leaf types, discs from older leaves senesce faster than discs from young leaves (4, 5, 7, 19) . For apple leaves this is not strictly true. Before early August apple leaf discs gained protein, after that they lost approximately a constant weekly amount until late October. The loss of chlorophyll after early September until November was also relatively constant. In late October when the temperatures dropped rapidly, the losses of protein, chlorophyll, and sugars from the leaf discs increased. Goldthwaite and Laetsch (7) found that increased losses of protein and chlorophyll with leaf age occurred only in discs held in darkness but not in discs held in lighted conditions.
There are several differences between the senescence of apple discs and attached leaves. Some differences can be expected if for no other reason than that the leaf discs are disconnected from the translocation processes of the whole tree.
It is not surprising to find an accumulation of amino acids in the leaf discs, even though the attached leaves lose amino acids during senescence. Presumably the attached leaves are losing amino acids by translocation out of the leaves, a process unavailable to the leaf discs except by cellular leakage, which did occur in the older leaf disc samples.
An accumulation of amino acids is not typical of natural apple leaf senescence. No appreciable accumulation occurs until after a frost, by which time protein levels have already declined by 51% (17) . It is surprising, however, to find that the accumulation of amino acids is relatively constant in the leaf discs regardless of leaf age. Even the June-July discs, which gained protein, accumulated amino acids to the same extent as the later samples which lost protein. The accumulation of amino acids in the discs appears to be unrelated to the loss of protein or the build-up of amino acid pools from hydrolyzed protein. The accumulation may be due to de novo synthesis of amino acids which are normally transported to other parts of the tree. Hansen (9) found that when '4CO2 was applied to apple leaves of extension shots, the rate of loss of 4C from the leaves into the tree proper was constant (70% in 10 days) from early July to late September. If the synthesis of amino acids from photosynthetates is also constant during this time, then the accumulation of amino acids in the discs might be expected to be constant. However, the July 2 leaf discs maintained in darkness accumulated amino acids to a slight extent.
Another significant difference between attached leaf and leaf disc senescence is the sequence in which protein and chlorophyll begin to decline with increasing leaf age. In attached leaves the decline of protein preceeds that of chlorophyll by over 1 month (17) . In the leaf discs, chlorophyll begins to decline in the July samples, but protein does not decline until the August samples. Thus, a chlorophyll decline instead of protein decline is the first indication of senescence in the leaf discs. A similar reversal in protein and chlorophyll declines was found in attached versus detached cucumber cotyledons (11) .
The general loss of both chlorophyll and sugars from the leaf discs may indicate that the chloroplasts were impaired in the leaf discs or were more sensitive to detachment. Dennis et al. (5) found that the most striking ultrastructural changes in senescing discs were in the chloroplasts.
In general, the differences in the pattern of decline during senescence between the discs and the attached leaves suggest that the process is not the same in the two cases.
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